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Abstract 
Electropolishing is a process for the surface finishing of metals and alloys, achieving brilliant surface finish with very low 
surface roughness values. The most common electrolytes for the electropolishing of stainless steel are varying concentrations of 
phosphoric and sulphuric acid, and occasionally additives such as chromic acid. The objective of this study was to assess the 
performance of three commonly used industrial electrolytes in terms of the surface finish of electropolished stainless steel. Each 
electrolyte had different concentrations of phosphoric acid, sulphuric acid, and chromic acid. The following electropolishing 
conditions were assessed: current density, bath temperature, electropolishing time, initial textures, and electrode positions. This 
study on the performance of three industrial electrolytes for the polishing of stainless steel AISI 316L revealed that adding 
chromic acid does not significantly enhance surface finish, and electropolishing ranges were quite similar for all three 
electrolytes. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Universidad de Zaragoza, Dpto Ing Diseño y Fabricacion. 
Keywords: Surface finish; electropolishing; optimum conditions; electrolyte; comparative  
1. Introduction  
 Electropolishing is an electrochemical surface finishing process for the treatment of metals and alloys to 
enhance brilliant surface finishes with very low surface roughness values Ra<0.2 μm (Núñez et al, 2009), no 
residual surface tensions and groove free (Lin et al, 2008 and Lin et al, 2009), and improved stainless steel 
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resistance to corrosion (Lee et al, 2003 and Ziemniak et al, 2008). The material to be polished is connected to the 
anode in the electrolytic cell (Fig. 1), with a uniform separation of the electrodes using two plates of the same 
material as cathodes (Fig. 1), and an electrolytic acid as the medium. When an electrical current is applied a 
polarized coating covers the metal surface that generates the diffusion of metal ions (Fig. 1). Surface peaks are 
exposed to higher current density and dissolve faster than surrounding surface areas leading to a smooth and 
levelled surface. The erosion and smoothening of surface micropeaks is produced by the polarization of the anode 
and the immediate appearance of a viscose electrolyte surface coating containing loose metal debris. The electrical 
conductivity of the anode coating is weaker than in the remaining electrolyte that settles on the anode surface 
giving rise to a thicker coating in the microvalleys than on the micropeaks. This reduces current resistance on the 
micropeaks and dissolves them faster than other points of the anode surface. This process ensures a smooth metal 
surface which is essential for the industrial manufacturing of components. 
 
                                                   (a)                                                 (b) 
Fig. 1. (a) Electropolishing Cell; (b) Workpiece and sampling areas. 
The electrolytes used for electropolishing stainless steels contain different concentrations of phosphoric acid 
and sulphuric acid according to the type of steel and the electropolishing requirements (Hernando et al, 2012). 
Under certain circumstances, additives such as glycerol may be used to improve process performance (Lee et al, 
2003 and Ziemniak et al, 2008) or chromic acid to enhance surface shine (Awad et al, 2010), the drawback being 
that it is a highly toxic and dangerous acid to handle. Optimizing electropolishing conditions is a critical aspect and 
entails the monitoring of an array of factors that influence process performance (Kao et al, 2003 and Ramasawmy 
et al, 2002). Thus, the aim of this study was to assess three electrolytes (Table 1) frequently used for the 
electropolishing of stainless steel AISI 316L. As shown in Table 1, two electrolytes with different concentrations 
of phosphoric and sulphuric acid, and a third electrolyte with chromic acid were compared to assess their impact 
on polishing performance in terms of reducing the height of micropeaks, as measured by the surface 
characterization parameter of the arithmetic mean roughness Ra (ISO 4287, 1997). The interaction of the 
electrolytes under different process control conditions: current density J [A/dm2], bath temperature T [ C], 
application time t [min], electrode positioning Pi, and initial surface texture as characterized by the arithmetic 
mean roughness  [μm] was assessed. 
Table 1. Electrolyte concentrations assessed in this study. 
Electrolytes H2SO4 [%] H3PO4 [%] CrO3 [%] H2O [%] 
E1 15 63 0 22 
E2 35 45 3 17 
E3 35 45 0 20 
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2. Experimental set-up  
A total of 768 rectangular (70x30 mm2), 2 mm thick, stainless steel AISI 316L (ISO 4954, X2CrNiMo17133E, 
C-0.03%, Si-0.50%, Mn-1.38%, Ni-10.08%, Cr-16.93%, Mo-2.05%, N-0.05%, S-0.01%, P-0.034%, bal. Fe) 
electropolished workpieces were assessed using two initial surface textures: texture 1 (0.5   0.8 m), and 
texture 2 (1   1.3 m); and two electrode positions: P1 (30 cm), and P2 (15 cm). Figure 1b shows the 
workpiece surface finish sampling areas (area 1, area 2, and area 3 at 25-40-55 mm respectively), for measuring 
the Ra parameter using a surface roughness profilometer (Hommel Tester T-500). For the analysis of process 
control parameters: current density J [A/dm2], bath temperature T [ C], application time t [min], a factorial design 
with 3 variables at 4 levels (43): current density (10-29-48-67 A/dm2), bath temperature (35-45-55-65 C), 
electropolishing time (3-14-25-36 minutes), was performed for both textures and the two previously specified 
electrode positions. The electropolishing process involved 6 stages: (1) ultrasonic degreasing with a tensoactive 
agent diluted in water at a temperature of 50÷55 C; (2) washing with deionised water; (3) hot air drying of 
workpieces; (4) electropolishing under controlled electrical current intensity, bath temperature and immersion 
time; (5) washing of workpieces to eliminate electrolytic residue; and (6) hot air drying of workpieces.  
3. Results  
Fig. 2, 3, 4, and 5 Show the polishing percentage Ra (%) obtained under different process control parameters. 
The polishing percentage Ra (%) was calculated in term of decreasing percentages of the arithmetic mean 
roughness Ra (Eq. 1), where  is the initial workpiece value, and  is the final value after electropolishing.  
  (1) 
In both positions, P1 (Fig. 2 and 3), and P2  (Fig. 4 and 5), the influence of initial surface texture ( ) was 
significant with short electropolishing time (3 min), for the texture with the highest peaks corresponding to the  
roughness given that the area under attack is restricted during short immersion times to the highest peak areas 
which are significantly reduced. In the surrounding initial surface texture ( ) no significant influence was 
observed, with Ra values similar for both textures. This ensures that the smoothness obtained with this process is 
well within acceptable surface finish (0.5   1.3 m) ranges for industrially manufactured components that can 
immediately undergo electrochemical polishing without pre-treatment involving mechanical polishing. The 
polishing ranges ( Ra) obtained for the two electrode positions (Pi) were very similar for both textures, with no 
significant difference in process performance. This indicates that variations in the distance between the electrodes 
in the electrolytic cell were not decisive in the electropolishing process. 
Likewise, bath temperature (T) did not significantly influence electrolytic performance. Figures 2, 3, 4, and 5 
show maximum polishing values ( Ra = 80÷90%) were obtained under all of the temperature ranges assessed, 
and the worse results were obtained with temperatures above 55 C. Moreover, raising bath temperature raises 
process costs, generates toxic vapours, and degrades the electrolyte; thus, minimum temperature are recommended 
to ensure good electrolytic conductivity and optimum outcomes i.e., temperature ranging from 35 C to 45ºC.   
The variables electropolishing time (t) and current density (J) had the greatest influence on the electropolishing 
process. Higher current density improved the polishing range ( Ra) in the three electrolytes in all of the textures 
and positions analysed. Process performance remained fairly constant with current density above J = 48 (A/dm2), 
and minor improvements in polishing ( Ra) values were observed. Similarly, electropolishing times above t = 25 
min did not significantly improve the polishing range ( Ra), and values remained fairly constant.  
The electrolyte E1 was unstable at low current density for both positions and textures with negative Ra values 
which are indicative of poor surface finish due to etching and microporosity. The electrolyte E1 exhibited the 
poorest performance in all of the conditions tested. Electrolytes E2 and E3 showed the best performances, and very  
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Fig. 2. Influence of acid composition on the electrolyte in position 1 and texture 1. 
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Fig. 3. Influence of acid composition on the electrolyte in position 1 and texture 2. 
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Fig. 4. Influence of acid composition on the electrolyte in position 2 and texture 1. 
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Fig. 5. Influence of acid composition on the electrolyte in position 2 and texture 2. 
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similar results were obtained for all of the workpieces, but no improvement in the electrolyte was observed with 
the addition of chromic acid (E2), indicating that this reactive does not enhance process performance. 
4. Conclusions  
Neither electrode position (Pi) nor initial surface texture ( ) had a significant impact on polishing range ( Ra) 
using any of the three electrolytes assessed, with maximum polishing ranging ( 80÷90%) for both textures and 
positions. Similarly, temperature (T) had no significant influence on process performance given that minimum 
polishing ranges ( Ra) were obtained regardless of the electropolishing time, temperature, and current density 
conditions. The results indicate that the best electropolishing performance was achieved with the lowest 
temperature (in this study 35 C), which ensured optimum electrolytic conductivity, reduced energy costs, avoided 
producing toxic vapours, and degrading the electrolyte. The parameters electropolishing time (t) and current 
density (J) were the variables that had the greatest influence on electrochemical polishing, and were slightly 
correlated. Increasing treatment time to 25 (minutes) and current density to 48 (A/dm2) significantly improved 
surface finish (Ra), reaching maximum polishing ranges of 80÷90%. Above these reference values the process 
stabilizes, without any significant improvement in roughness (Ra), but with the risk of losing material that may 
undermine the design specifications of manufactured component. The best polishing results ( Ra) were obtained 
with electrolyte E3 (sulphuric acid 35% and orthophosphoric acid 45%) in comparison to electrolyte E1 (acid 
sulphuric 15% and orthophosphoric acid 63%). The addition of chromic acid (3%) to electrolyte E2 had no 
significant impact on process performance, and the outcome was similar to that obtained with the reference 
electrolyte (E3). 
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